Based on VAR model, this paper employs Granger causality test to analyze the interactive relationship between housing price and land price in Beijing. The main conclusions are as follows: 1) there is a positive co-integration relationship between housing price and land price in Beijing. Without considering other factors, housing price rises an average of 0.41 percent when land price rises 1 percent in the long term so that reducing land price is an effective way to lower housing price; 2) the Granger causality between Beijing housing price and land price changes with the length of time, but on the whole, housing price has a relatively larger impact on land price. Hence, the implication for policy makers is that it is more significant for controlling housing price rather than land price.
Introduction
The relationship between land price and housing price has been seen as a priority area of research for a long while. Although many scholars actively explore and research this relationship, there is no final conclusion in the theoretical or empirical aspects. That is mainly because there are many factors influencing housing price and land price, and the general analysis cannot explore the regularity. Taking into account the obvious geographical characteristics of real estates, it is more meaningful in the case of understanding regional differences, especially in the in-depth study of taking a certain city as a unit, the corresponding conclusions having certain theoretical and practical values. Most of the existing empirical researches mainly use the national average data to simply analyze the relationship between land price and housing price, ignoring the differences among the various regions [1] . Therefore, considering a single area or city is of certain significance for studying land price and housing price. As the housing price of Beijing is the direction indicator of that of China, the study of the interaction between land price and housing price in Beijing is obviously of great significance.
The paper is organized as follows. Literature review on the relationship between housing price and land price is described in Section 2. This is followed by methods and data, namely Section 3. Section 4 then assesses the empirical results by using Granger causality test. Finally, key conclusions are drawn in Section 5.
Literature Review
As extant researches on the relationship between housing price and land price can be divided into theoretical and empirical ones, the author review the research on the relationship between housing price and land price from these two perspectives.
Theoretical Researches on the Relationship between Housing Price and Land Price
The fact that land price and housing price tend to present a synchronous rising trend causes great controversy about the relationship between the two, and the mainstream views can be divided into three categories [2] [3] . Firstly, land price promotes housing price. The scholars who support this view mainly analyze the relationship between land price and housing price from the perspective of the cost structure. They believe that the government's bidding, auction and listing to sell of business lands are largely responsible for the soaring land price, which further leads to the rapid rise in housing price [4] . Secondly, housing price pulls land price. The scholars who hold the view deal with this relationship mainly from the perspective of market supply and demand and operation. The demand for real estate causes the demand for land, so housing price that witness an upward trend leads directly to rising land price [5] [6] . Thirdly, land price and housing price interact with each other. From the perspective of space economics, some researchers find that this issue has different conclusions in different conditions as the relationship between housing price and land price is a circular relationship [7] . But Kauko (2003) indicates that the rise in housing price is mainly due to the land policy, because the main impact on the price of housing is produced by the government's land planning and other policies if there is no restriction on the land supply [8] .
Empirical Researches on the Relationship between Housing Price and Land Price
Based on the concept that facts speak for themselves, China's scholars also establish a model to illustrate the causality of housing price and land price, by which they use relevant data to do some empirical researches. Holding that land price promotes housing price, Zhang and Zhang (2010) use GIS technology combined with statistical analysis method to research the transaction data of Beijing land market from January 2008 to June 2009 and find that the supply of land affects housing price significantly [9] . For the view that housing price pulls land price, the China's Ministry of Land Resources (2009) want to use the specific data to eliminate the debate. They conducts special investigations to 620 real estate projects that have entered the sales phase since 2006, finding that land price only accounts for a small portion of the sale price, approximately 23% on average [10] . Supporting the view that land price and housing price interact with each other, some scholars develop various models to analyze the relationship between land price and housing price and believe that this mutual influence cannot let they make an accurate judgment until given a certain condition [11] . Zheng and Wu (2006) summarize the reasons why there exist these divergences into four aspects: 1) Variable selection. Some studies use land transaction price index and housing price index while others use residential price index and residential land transaction price index or general residential sales price index and general residential land index; 2) Time series. In the extant literature, the time series of some studies is too short, which may affect the accuracy of the conclusions of the study; 3) Data processing results. Especially in the iteration of the index over the years, part of the studies are wrong; 4) there are problems in the process of Granger causality test, and unit root and co-integration test are not performed in some researches [12] .
To sum up, the current theoretical researches are generally unconvincing as they basically do qualitative analysis and normative research from a certain perspective; and the current empirical researches hardly draw consistent conclusions due to the complexity and variety of the relationship between the two. The time series of data sample used in the current literature is relatively short and has a lag period, and most papers are even limited to do simple correlation analysis by using the national average land price and housing price, which also reduces the reliability of the conclusions. It is still necessary to further research the relationship between housing price and land price, especially the empirical research of taking a single city as a unit.
Therefore, this paper employs Beijing's monthly data between February 2003 and November 2013 to make an empirical test about the relationship between housing price and land price on the basis of VAR model.
Methods and Data

Methods
Granger causality test is a common method to study the causal relationship between two variables. For the two time series processes X t and Y t , the study aims to explore whether the lagged term of X t is helpful to the projection of Y t . In other words, if the use of X t is better than ignoring X t in the process of predicting Y t , X t is called the Granger reason of Y t .
Specifically, when testing whether X t is the Granger reason of Y t , it is necessary to establish the p-order lag equation of Y t , defined as follows:
where Y t is the Granger result to be tested (namely endogenous variable); X t is the Granger reason to be tested (namely exogenous variable); α i and β i are the coefficients of lagged items of X t and Y t ; γ is the constant term; u t is the residual. After the formula (1) is estimated, this paper constructs F-statistics to test the following joint test:
If the F-statistics is larger than the critical value on a certain confidence level, the null hypothesis shown in the formula (2) is rejected. Hence, X t is the Granger cause of Y t .
As can be seen from the above analysis of the Granger causality test method, the premise hypothesis of the Granger causality test is that X t and Y t are stationary sequences (single integrated) and co-integration sequences.
Data
To reflect the impact of land price on the housing price, the study employs Eviews 7.2, an econometric analysis software, to make a stationary test of housing price and land price, then co-integration test and finally Granger causality test.
All Beijing's data presented herein are derived from the industry statistics database of China Economic Information Network (CEInet). The reason why the study chooses Beijing as the research object is mainly based on two considerations: Firstly, Beijing, as China's political, economic and cultural center, is very representative; secondly, the availability of data. Due to late start of the real estate market, the annual time series of samples are limited so that the study uses the monthly data for analysis, but there are not many cities recording monthly data. The sample space is set from February 2003 to November 2013 (the lack of data of every January), and the sample size is 120. Housing price is indicated by monthly sales price of commercial housing, represented by HP; land price is indicated by monthly fee investment of per unit area of land acquisition, represented by LP. All units are RMB yuan/square meter.
The study selects the natural logarithms of both HP and LP, denoted as LHP and LLP, to reflect the elasticity of housing price and land price, reduce the degree of dispersion of the sequences, and avoid affecting the dimension. The following empirical tests are all based on LHP and LLP. Descriptive statistics is shown in Table 1 . 
Empirical Results
Stationary Test Results of Housing Price and Land Price
Prior to empirical test, it is necessary to do stationary test of time series variables. This paper uses ADF method to do unit root test of LHP and LLP. It can be seen from Table 2 that LHP and LLP are smooth sequences, since the ADF statistics of LLP and LLP sequences reject the null hypothesis of unit root at the 1% significance level. It is clear that the horizontal sequences of residential price and land price are stationary series, which can be analyzed by VAR model. Then the paper selects the lag order of the VAR model and gets corresponding calculation results, as shown in Table  3 . According to LR, FPE, AIC, SC and HQ criteria, there are five values of five indicators supporting that VAR (1) model should be established. Therefore, this study chooses to create a VAR (1) model.
Co-Integrating Test Results of Housing Price and Land Price
Horizontal sequences of housing price and land price are stationary series, and if there is the same long-term trend of movement between them, the relationship of the two variables can be considered as the long-term equilibrium co-integration relationship. This paper uses the Johansen maximum likelihood estimation method to test LHP and LLP, the results shown in Table 4 . According to Trace test and the maximum Max-Eigen test, the two variables have the co-integration relationship at the 1% level, which explains that there exists the long-term co-integration relationship between housing price and land price.
Then co-integration equation between LHP and DIP is defined as follows: LHP 0.41 LLP 5.57. = * + LLP is a significant factor and t statistics is 13.39, which indicate that housing price and land price have a positive co-integration relationship. Without considering other factors, housing price rises an average of 0.41% when land price rises 1% in the long term so that reducing land price is an effective way to lower housing price.
Causality Test Results for Housing Price and Land Price
Variables LHP and LLP are stationary series and have the co-integration relationship, but the VAR model built by the LHP and LLP is also smooth. Hence, Granger causality test can be carried out on the LHP and LLP directly. During the inspection process, different lag orders are taken to reflect the short-term and long-term Granger causality of LHP and LLP, and test results are shown in Table 5 .
As can be seen from Table 5 , when the lag phase is 1, the Beijing's land price are the Granger cause of housing price, while housing price is also the Granger cause of land price; when the lag phase is 2, land price is not the Granger cause of housing price, but housing price is the Granger cause of land price; when the lag phase varies from 3 to 9, it can be found from F-statistics that the impact on the land price is greater than the impact on housing price, though there is no significant relationship between housing price and land price.
Overall, in a very short term, land price and housing price show a certain relationship, and land price and housing price are the Granger causes of each other; in the medium term, though there is no significant relationship between land price and housing price, the impact on the land price is greater than the impact on housing price. Hence, housing price has a relatively larger impact on land price on the whole. Ai et al. (2008) indicate that there is a two-way Granger causality between housing price and land price in Beijing when lag phase is 1 or 3; land price is the Granger cause of housing price but not vice versa when lag Hao and Wang (2012) : there is a long-term stable equilibrium relationship between housing price and land price, and the elasticity of housing price is greater than the elasticity of land price [14] . Taking housing price and land price data from February 2002 to November 2011 as analytical samples, they use unit root test, Granger causality test, error correction model and measurement methods of variance decomposition to analyze the dynamic relationship between land price and housing price. As can be seen from the co-integration equation, the long-term elasticity of the impact on housing price is 0.44, which indicates that if land price increases by 1%, housing price will increase by 0.44% in China; the long-term elasticity of the impact on land price is 1.88, which indicates that if housing price increases by 1%, land price will increase by 1.88%. Thus, in the long run, housing price has greater contribution to land price.
Conclusions
Based on the VAR model, this paper employs the data of Beijing's housing price and land price in 2000-2013 and Granger causality test to empirically analyze the interaction relationship between Beijing's housing price and land price. The main two conclusions are as follows: Firstly, there is a positive co-integration relationship between housing price and land price in Beijing. Without considering other factors, housing price rises an average of 0.41 percent when land price rises 1 percent in the long term so that reducing land price is an effective way to lower housing price. Secondly, the Granger causality between housing price and land price of Beijing can be divided into two phases: in a short term, land price and housing price show a certain relationship, and land price and housing price are the Granger causes of each other; in the medium term, though there is no significant relationship between land price and housing price, the impact on the land price is greater than the impact on housing price. This supports the view that "housing price pulls land price" indirectly.
Based on the complex relationship between housing price and land price and the two main conclusions, it is clear that the relationship between housing price and land price is not the same in different time periods of performance. In the short term, as housing price and land price are the mutual Granger causes, the government should start from both the housing market and land market, using two-pronged approaches to prevent sharp fluctuations in housing price or land price; in the medium term, the relationship between the two is not significant, but the government should focus on the situation of the residential market, as housing price's impact is greater than land price's impact on the whole; in the long term, in order to better control the rise and fall of housing price, the government must control the land price and strengthen the land management. Hence, considering the feasibility of the policy, the government should focus on the related work of land management, and steadily promote urbanization.
